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INTRODUCTION

The purpose of this report is to present storm water runoff sample data for plutonium-
239, 240 and americium-241 in water collected downgradient from the 503 Pad and Lip
Area (Operable Unit 2 (OU2)) (Figure 1) during an approximate 15-year rainfall event
on May 16-17, 1995 at the Rocky Flats Environmental Technology Site (Site) (M. E.
Smith, USGS, oral communication, May 1995). The Site received a considerable
amount of precipitation prior to the May 16-17, 1995 event (Figure 2); producing
saturated soil conditions prior to May 16. On May 16-17, 1995 the Site received about
3.58 inches of rain in about 15 hours, according to the Site Meteorology Tower data
(Figure 2). At times, the rainfall was intense, producing flooding in Site drainages.
Consequently, Site environmental scientists and engineers observed rare overland flow
in OU2. Qverland flow in the 903 Pad and Lip area flows from north to south into the
South Interceptor Ditch (SID).

SAMPLE COLLECTION

During the storm, researchers studying the chemistry and mobility of plutonium in soils
in OU2 as part of the OU2 Soil Studies Project, took samples of the overland runoff at
locations shown in Figure 3. This opportunistic sampling task was done with little
attention to experimental design due to time constraints. No formal quality assurance
samples were collected. The samples were collected by bailing the runoff from shallow
gullies using a polyethylene sample bottle with its top cut off. The bailed samples were
placed in 1-Liter polyethylene containers and acidified with nitric acid to pH less than
2.0. The samples were shipped to Thermo Analytical (TMA) in Richmond, California for
analysis of total plutonium-239,240 and americium-241 by alpha spectrometry. A
telefax copy of the resuits from analyses of these samples is available for review

(Attachment 1). The minimum detectable activities (MDAs) for the samples were not
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reported, and no other water-quality samples were collected for correlation to the

radionuclide activities.

DATA ANALYSIS AND INTERPRETATION

Few conclusions may be drawn from these data because no water-quality (e.g. total
suspended solids) or flow data were obtained for correlation with the radionuclide
activities. Comparison of total suspended solids concentrations and radionuclide
activities would indicate the downgradient transport efficiency of soil materials eroded
from the top of the hillside as well as the correlation of radionuclide activity with
suspended solids concentration. Observation of the geographical distribution of the
results combined with general reconnaissance of the study area are used herein to
describe the importance of these results relevant to observed storm water quality in the

SID and Pond C-2, located downstream from the OU2 study area.

It is generally accepted that plutonium-239,240 and americium-241 are physically
partitioned to solids (e.g., soil particulates) (Harnish et al, in press; Litaor et al, 1994).
Plutonivum-239,240 and americium-241 activities in the runoff are as much as ten times
higher at the top of the hill than at the bottom (Figure 3). Historical data for plutonium-
239,240 and americium-241 for soils on the hillside show a similar trend toward
decreased activity with downgradient distance from the 903 Pad (Attachment 2).
Comparison of the soils data with the runoff data indicates that either very little actinide
transport occurred over a long distance, or materials with high activity moved a very
short distance downgradient. The actinide material in the overland flow might have
been diluted or removed from suspension, or both processes may have occurred as the

contaminated soil was transported downgradient.

An alternative explanation is that little transport occurred, and the observed

radionuclide activities merely reflect the aerial distribution of actinide content in the
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hillside material that was suspended in the runoff. Again, it is difficuit to determine

which mechanism(s) dominate the downgradient actinide transport without total

suspended solids concentrations and flow data.

The runoff from OU2 might have contributed to the elevation in plutonium-239,240
activity in Pond C-2 measured on May 18, May 23, and May 30, 1995 (Attachment 3).
However, an alternative hypothesis is that the actinide material in the SID is
accumulated from a diffuse, non-point source of plutonium throughout the SID
drainage, and this material is periodically flushed into Pond C-2, especially during
storms of the magnitude measured on May 17, 1995. Plutonium-239,240 and
americium-241 have been measured at elevated activities (0.3-2.3 pCi/L) in storm
water runoff samples collected at gaging station SW027, located at the east end of the
SID before it enters Pond C-2 (Attachment 4). The SW027 actinide data show that
plutonium-239,240 and americium-241 are regularly detected in storm water sampled at
this location. It is not known how much of the material detected at SW027 and in Pond

C-2 comes from the QU2 drainage area versus other source areas.

There are other tributaries to the SID where elevated plutonium-239,240 activities were
measured in storm water runoff, although not for the May 17 storm. These locations
include gaging stations GS21 and GS24, both located on the 881 Hillside and receiving
runoff from waste storage areas (Attachments 5 & 6). Data for several storm water
runoff samples from gaging stations GS22 and GS25 indicate that runoff from the
Building 460 Area and the east side of Building 881 respectively, do not contain high
radionuclide activity; eliminating these drainage areas as significant actinide sources to
the SID. A tributary suspected of contributing plutonium-239,240 activity in storm water
runoff is a gully which flows intermittently from station SW055 south to the SID (Figure
1). This tributary was not sampled during the May 16-17, 1995 event.
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A summary of total plutonium-239, 240 and americium-241 activities in storm water
obtained from the OU2 drainage (May 17, 1995); gaging station SW027 (May 16 and
27, June 28, 1985); and Pond

C-2 (May 18-19, May 20-26, and May 27 - June 2, 1995) is shown in Figure 4. Results
for Pond C-2 and SW027 were previously reported to downstream communities, the
State of Colorado, and other stakeholders on June 28, 1995 and July 25, 1995. Water
discharged from Pond C-2 (May 18-June 11, 1995) exceeded the Site-specific
discharge limit of 0.05 picocuries per liter (pCi/L) plutonium-239,240. The Pond C-2
water was discharged to the Broomfield Diversion Ditch which routes the flow away
from any public drinking water supplies. There was no danger to public health as gross

alpha activities were below the State drinking water standard of 15 pCi/L.

CONCLUSIONS

The data analysis suggests the following conclusions.

1. A source of actinide material is located at the top of the OU2 hillside, and this
material might be diluted and / or settled out of suspension as it is transported
downgradient. It is difficult to determine which of these mechanisms dominate the
downgradient actinide transport without total suspended solids and flow data.

2. The runoff data from OU2 could merely represent the aerial distribution of
radionuclide activities in the hillside soils; not transport from a source located at the
top of the hill.

3. The OU2 runoff data from the May 16-17, 1995 event might explain some of the
variation in plutonium-239,240 activity measured in Pond C-2 on May 18, May 23,
and May 30, 1995.

4. The OU2 runoff sample data provide additional evidence that the 903 Pad and
surrounding area should continue to be a top priority for accelerated remedial

action.
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The OU2 overland runoff samples were collected as ad-hoc samples during a very
unusual precipitation event as part of a research study for characterization of plutonium
fate and transport in OU2 soils. If there is a need to determine the relative contribution
of actinides from different drainage areas within the SID drainage, then a complete
loading analysis of the SID is recommended. The loading analysis would require
simultaneous measurement of flow and water quality in each major SID tributary for
computation of actinide loads. A loading analysis of the SID would be difficult to
complete in a reasonable time frame due to the infrequent occurrence of runoff events

in this drainage.
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Figure 2

Precipitation at RFETS - April/May 1995
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Thermo Analytical ATTACHMENT 1

-

2030 Wright Avenue

RO. Box 4040

KRichmond, LA 948U4-0040

(510) 235-2633 Fax: 235-0438

August 9, 1995

Results for samples SWO0101ST through SW00117ST.

Results £ 20 pCi/L

Sample ID™ Pu-239 o Am-24] -
$WO0101ST 3.814 + 0.2820 0.5280 ¢ 0.05311
SW00102ST 3.687 + 0.2846 0.6316  0.05887
SW00103ST 10.36 t 0.6985 1.596 & 0.1020
SW00104ST 3.178 + 0.3259 0.5396 # 0.04001
EW00105ST 8.438 + 0.7438 1.357 + 0.1505
SW00106ST 7.503 % 0.6824 1.143 3 0.1007
SWO0107ST . 6.807 t 0.6916 " 1.051 & 0.09831
SWO0108ST 5.525 + 0.4879 0.7026 + 0.05940
SWO0109ST 15.40 £ 0.9333 2.114 + 0.1944
£woQ11087T 12.1% x 0.78598 3.065 = 00,2408
SWO0111ST 3.843 : 0.3080 0.6401 & 0.03947
SWO01128T 2.578 & 0.2273 0.4512 + 0.03272
SW00113ST 11.16 % 1.050 1.531 + 0.1508
SWO0114ST 247.5 + 21.65 48.07 + 5.098
£WQ0115E8T 148.2 % 14.81 26.53 & 3.11890
SWO0116ST 37.99 : 3.377 6§.837 + 0.2353
SW0011787T 44,37 4+ 3.374 7.680 % 0.5787

A glvision of Thermo Process Systerns lne., 8 Therire Elettiun GOy

-



AP OMrvER Ay sans

i
% , ~__ :
;\- T T e~
W.A“ll\l\lll\»\l
- \\.\\\\\\\\\\\\\\\\u\\\\\lll\\ll wor oot e seL
235 ABoouyds | EIURWLORAUZ MIF|4 Axdoy “l.\.\ 16¢ o0
ABiauz o Jusunmdag ‘g oriel fadris or'ze N
006z wao wy 80T
~EET izt 00's _
Y -, e e .\.‘.\.\.\ -
—T 006z ore T coc
os's (73 [T¥E wo |
9o
oa'cet ce9e or¢et LLEve
000049 00067 LN coeg
I
\\\.
.\\
(1313 otoe 7 1568 (34 13 [1}
/ [144
osveL 006z S owLos L1 1% wer
ocoet r 00098 1
;
/
weab/1nd ul syun oon :
vazy 7
00 002 ;
i
[Iee] orvel \. orose 1571 sTT
roey ! 0o'yoL ozt
~ oTrez oviee H oot wu ‘| oo'sz
(eyeq HAO) LYz winioupwy 00008 L ot Lot ! 00'000U 000Z)
(e1eq d4¥) Lyz-wnpuBWY IR

—Emo HQ9) ov2‘6cz-winuoinig
leJeq d4¥) 0vz‘6ez-wniuonid

AN . ' r /
lagoyslons 1A 224 , £s'et : or'st T80z i ’ uz. L8 L T
Yo e dy vw - e \I\\\\\
ot oo e I.uuwux el ap1ol [131) £9eot orrst sopel H
el 00'te aLLy 00°0zL 0000z .;

- W = /]

soxine; ebeummp 3
1D e weBUp Wumwng

spod e ooy R Y66 06's 19 coo ve'y v9'g 9t
01T ary
racos [ ] ooz scoc @ ete eve o t0s
NOLYNY I e o0'ss ot a6l {4

Ped €06 Q3 punoxy \

suonex0] Joig dundureg
10§ aepmg sy Opoy

¢ INJWHOVLLY o



ATTACHMENT 3

‘aiqeidsooe v 1840 v sjuawaiinba) i wey; ss9| S AIsaoosas siduwes |jeuoipuos se pattodal Stinsay -,

v |
10 28l 60°0 6L°1L £00'0 200 ai00 LZLo abeiany payblam swnjop
[4 9 4 € 8L Li [4A¢] e L ARY Ly 6000 200 «810°0 G010 66/0¢/9 §6/2/9-56/L2/S
[ 8 4 4] oL 6 0 9L SL°0 SL't ¢100 ¢c0'0 8C¢0°0 8010 §6/E£2/S G6/9¢/5-56/02/S
4 L L € LT 81l 820 15’281 12°0 0L ¢z00 G90°0 £90°0 8620 G6/81/5 G6/61/5-56/8L/5] €-J Puod
AP | (odyxew | caaq ps | (papd) xewr | xew | unw [ s pas| (10D aea ms | (apd) A (nd) A orT | amseduio) poyag uopeso]
‘URg ss01D | “wpog ssoap | ‘eudpy ssoan| ‘eydpy ssoan| ‘sSI | ‘sSIL | ‘8ez-n | 8e7-n | pevsern | peveer-nl 'ms ‘wmy| wprz-wy | pis ng | -eszngl owg-pyy | anseduop




‘uolsinel 0 Joafqns pue Aleuileld ale eje(] 039 'sisAjeue | pz-Wy Joj UiIB} Joi1T = [pZ-WyF 'sisAjeue OpZ'6£2-Nd o) ulel Jold = ObZ'6£2-"d3

<t
< ~

I 0} 4 1 4210 £SCE G800 166’k €200 €0 600 682°C ¥S0Z 829066 O38ECOOMS L20MS

4 0t € €l 8L1°0 950’6 4600 G062 6200 vi€0 §80°0 9el'e 5 425066 93STE0OMS LIOMS

4 6 {4 9 1S0'0 8580 8v0°0 2820 v1i00 6110 8100 4920 0ig 215066 ©3ZIE00MS LZOMS
ERg ejeg eydly eydiy 8e¢-N3 8eC-N _1PETEET-NI|PETEECN I WY | 1pZ-WY | 662-Nd3 |OPZ6ECNd| SBUWIL ejeg JaqWINN sjduleg | UojeIS
ssoi9) Jou3| ssolo |[ssoisony| ssorn {/1od) jjouny 133BpA WI03S YHI/NI 21y _m_._amq,-—ui.n___




ATTACHMENT 5

“UolsInG) 0} J00fgns pue Aleunueid oie ele( 230 'SISAJRUR | pZ-WIY 10} WIS} J0UT = |pZ-uiv3 'sishieue OvZ'6E2-nd 10) Ule) Joig = ovrz'6£Z-nd3

- 4 mw, < o1 200 psZ0 6200 [8:] 4] 2000 6200 9000 €00 6vSt 929056 OIAZYE00MS G2SO
_zZ 9 ! 4 Se00 vi9°0 1500 £50°L 2000 9000 ¥00'0 200 SE0C 915056 93.1€00MS G289
< 6 | [4 Z ’ L ) g€ ) [430%¢) ) 9€0°0 2161 205056 ©IS0E00MS 14319
€ 2% S 61 2£0°0 €290 9G60'0 gel’l SI0°0 8¥0°0 9100 6020 6¥G1 829056 O3 1PE00MS [ £4313)
Z |43 [4 . 0l 2200 1620 ¢roo 6640 000 Sl00 S00°0 S§200 8r0Z 915056 O381E00MS iSO
€ 92 |4 81 ) £89'0 ) 561 ) y0'0 ) 8210 9161 208056 ©I90€00MS | £4333)
3 S l |4 1600 £96°0 8010 665°¢C 9100 e€sro 000 €100 4S9 219056 O3 IEE00MS (X413
4 Si l S izoo | teza +20Q sZe0 ¥00'Q 6000 £00'0 8000 L¥SL 829066 D30VE00MS [4433)
[4 9l 3 9 6100 %20 8100 4220 000 2000 €000 2000 €€9}) 1£50S6 939ZE00MS (44332
4 8 I 4 9100 Lo 8100 8610 1100 900 9000 4200 IS8l 915056 O3V E00MS [£4:13]
< L 15 |4 S600 190 $s00 8.0 8000 8100 S00°0 1000 el £050S6 O3L0e00MS [4433)
T | m z Z 9100 | 210 1200 | 6920 | 5000 | 1200 | 000 | Gv00 | 8¥S) 829056 ©36EE00MS | 126D
. 4 9} 4 2 1100 2200 00 ¥elo »00°0 2100 £000 000 [4%:10 1£5056 9342600MS 1289
4 0 4 9 €00 98’0 9200 €9€°0 600°Q 2900 9000 L€0'0 650¢C 916056 O3CLE00MS 1280 |
4 S 3 |4 8100 Ziio 6100 6210 9000 €100 yi00 $01°0 6€91 £050S6 ©380£00MS 12SO
eleg ejag eydly eydiy 8ec-N3 8EZ-N |VeZtee-NI|vEC EEC-N| 1PZ-WYT | Ibg-WY | 662-Ndd |OpCeEe-Nd| dwii 9je(} JBqUINN 6|dwes | Uojiels
sso1 toug| ssoln [ssoinionz| ssuo (AnDd) jouny Jajep\ WLI0)S YHI/IN| Bdly [elysnpu)




SUOI3 VD07
BuUIA0LIUOK UOIZODIFABA
42304 3D20FuUNS
»{JOML3N Uo303S Buibog
YYI/WI 034y 103 ShPU]
S134d

9 LNGWHOVLLV

8961 ¥8L 0

e

1334

sBupyng .

SP00Y AT -
SPVOY PBATH
s3DUd 4§ A3lJIN3as

sadJnyva 4 abouroug
‘GaUDRl ‘SWOaURS

uol103S
Hunduosg puo Suon

INERER

\?
)
AN
.%bm

EW)

+ e e

yow?

K

"4 ubwo




